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[57] ABSTRACT

A device for treating urea solutions coming from syn-
thesis reactors and containing in addition to the formed
urea also free ammonia, water and unreacted ammo-
nium carbamate having two steps wherein in the first
step, a substantial amount of ammonia is distilled while
ammonium carbamate is only partially decomposed,
and in the second step, the bulk of carbamate 1s decom-
posed and the residual ammonia is distilled.

S Claims, 7 Drawing Figures
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1
TREATMENT OF UREA SOLUTIONS

This is a divisional of applicatien' Ser. No. 56,551,
filed July 11, 1979, now U.S. Pat. No. 4,269,997.

BACKGROUND OF THE INVENTION

The present invention relates to the treatment of urea
solutions which come from synthesis reactors where
ammonia (NH3) and carbon dioxide (CO;) are reacted
under pressure and at high temperature to form urea,
and which contain, in addition to the formed urea, free
ammonia, unreacted ammonium carbamate and water
together with other by-products, the treatment consist-
ing of:

(a) a first phase or step in which an important amount of
NH; is distilled from the urea solution while decom-
posing only a reduced amount of carbamate; and (b)
a second phase in which the major part of the unde-
composed carbamate present in the so treated solu-
tion is decomposed preferably under the contempora-
neous stripping action of fresh COs,.

The invention concerns also a device for the embodi-
ment of the above treatment.

In the industrial urea production by NH3 and CO3
synthesis, the so-called “stripping” technologies have
been mostly used. According to such conventional
technologies, the residual unreacted carbamate in the
urea melt coming from the reactor, i1s decomposed at
high pressure (decomposer or stripper operating at the
reactor pressure), because of NH3 or CO7 which is pres-
ent in large excess in the decomposer vapor phase. Ac-
cording to the German Auslegeschrift 1468628 (I) and
Dutch Patent Application No. 7019056 (II) such excess
is obtained by external supply at the stripper bottom of
gaseous NHj (reference I) or CO; (Reference II), coun-

tercurrently with the urea melt.
According to U.S. Pat. No. 3,876,696 (1II) the NHj;

excess is ensured by the fact that the urea solution feed-
ing the stripper, is already rich in NH3 and the carba- .

mate decomposition takes place in an exchanger in
which the liquid falls as a thin film.

Finally, according to the Italian Pat. No. 770,241 (IV)
carbamate decomposition is achieved, at a pressure
considerably lower than that of the synthesis reactor, in
two stages in the second stage of which external ammo-
nia is introduced countercurrently. With this system the
residual NH3 content in the treated urea melt is very

high (35.7 wt.%) and expensive NHj recovery stages

are required; pumping devices are also required to recy-
cle to the reactor the carbamate solution available at
lower pressure. |

In the processes and plants operating according to.

reference patents I, II, IIl, all vapors produced in the
carbamate decomposition, together with the .distilled
free ammonia, and together with all NHj (reference I)
or COy (reference II) introduced at the decomposer
bottom, flow upwards counter currently with the urea
melt, which leaves the decomposer from the bottom.
This method causes high process flows (vapor and
liquid flows) through the carbamate decomposer tubes.
Sizing of decomposer tubes (tube number and diameter)
becomes very critical and selection cannot be optimised
in. relation to the process performance, because of the
limitations imposed by the necessity to avoid flooding
phenomena. Such phenomena adversely affect the de-
composer performance and might damage it, thus re-
ducing its operating life. Furthermore, large quantities
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of passivating agent are generally needed to prevent
corrosion of the large heated stainless steel surfaces of
the above-mentioned fallingfilm- decomposers.. Air is
generally injected into the decomposers, thus utilizing
the passivating action of oxygen. However, the intro-
duction of large amounts of air into the system is detri-
mental to conversion in the reactor. Inert material also
cause ammonia and CO» losses through urea plant units,
while oxygen is a potential source of explosions

OBJECTS AND SUMMARY OF THE
INVENTION -

An object of the present invention is a new treatment
which does not show the above-mentioned draw-backs
of the conventional systems. - . SR Rt

Another object of the invention is a treatment process
which can be put into effect by a partlcularly slmple and
efficient device. L I

The treatment process and related dewces are con-
celved sO as: to be free from sizing limitations and flood-
ing phenomena and requiring small amounts of passivat-
ing agent; to be suitable for the treatment of urea melts
produced i1n a reactor operating with high NH3/CO;
molar ratios and in consequence with high yields; to
have long operating life; to produce urea melts with low
carbamate residual content, usmg a small quantity of
fresh stripping agent, if any.

Even if by preference the process is used accordmg to
the invention, with the two treatment steps at the same
or lower pressure than the synthesis pressure, it is:
equally possible to operate the two stages at different
pressures which also differ, if necessary, from the syn-
thesis pressure.

This embodiment may be found suitable for those
plants or processes where carbamate decomposition and
synthesis are carried out at different pressures.

All the above-mentioned objects are achieved with
the new process according to the invention which con-
sists of: (a) a first phase or step in which mainly NH31s
distilled from the urea solution and a reduced amount of
ammonium carbamate is decomposed and (b) a second
step in which the so-treated solution the carbamate is
decomposed and the residual NHj3 1s distilled.

In an advantageous embodiment; the first step is car-
ried out by heating the urea solution at a temperature of
from 190° to 230° during a time period of less than 50
seconds, preferably from 3 to 12 seconds, the second
step is carried out by heating the urea solution coming
from the first treatment step at a temperature of from
190° C. to 230° C. for a time period of less than 60
seconds, preferably from 10 to 20 seconds. o

Aecordmg toa partleular feature of the invention, the ~
second step is carried out in the presence of a counter-
current of fresh CO». Such stripping agent can even be
eliminated obtaining still better performances than with
known art. In fact, the two decomposition zones with
intermediate NH3+CO; vapors separatlon zone still
ensure a suffictent high NH3 excess 1n second zone
vapor phase where carbamate decomposition- reaches
very high yields without any stripping agent.

According to a particular embodiment of the inven-
tion the two phases of the treatment process can be
performed in a new device (decomposer) formed by a
central body with an upper ‘head piece and a lower

bottom piece, said central body including two zones: a

first zone being formed by a heated tube bundle fed at
the bottom by the urea melt coming from the synthesis
reactor, such melt flowing upwards inside the tubes
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from the lower bottom piece to the upper head piece,
concurrently with the vapors produced in this first zone
by at least partial NHj distillation and reduced carba-
mate decomposition, caused by the tubes external heat-
ing; a second zone being also formed by a heated tube
bundle fed at the top by the urea melt treated in the first

zone and coming from the upper head piece, such melt
flowing as thin liquid film downwards inside the tubes

to the lower bottom piece, countercurrently with exter-
nally introduced CO3 stripping agent from the bottom
piece or countercurrently with the NH3 rich vapors
produced in this second zone only, if no stripping agent
1s used; the treated urea melt coming from the bottom of
said second zone being collected in the lower bottom
piece, while vapors coming from the top of both first
and second zone, are collected in the upper head piece.

In a first embodiment of the invention the first and
second zone tube sheets or walls are concentrical while
in a second embodiment the tube plate sheets are lo-
cated side by side.

BRIEF DESCRIPTION OF THE DRAWINGS

The different aspects and advantages of the invention
will better appear from the description of the preferred
embodiments represented in the attached drawing,
where:

FIG. 1 is a schematic flow sheet lllustratmg the two-
step treatment process of the invention;

FIGS. 2 and 3 are two schematic frontal views of the
relative apparatus; and

FI1GS. 2a, 2b and 3a, 36 are schematic partial horizon-
tal cross sections along lines A—A and B—B in- FIGS
2 and 3, respectively.

DETAILED DESCRIPTION OF THE
INVENTION

The flow-sheet of FIG. 1 shows schematically the
main feature of the treatment according to the inven-
tion. In a synthesis reactor 20, NHj fed through line 22
and CO; fed through line 21 are reacted under pressure
and a high temperature and a urea melt UM (containing
urea, ammonium carbamate, free NH3z and other by-pro-
ducts) 1s obtained. Because generally the reactor 20 is
fed through 22 with an excess of NH;3; over the stochi-
ometric ratio, the urea solution UM issuing in 20" from
the reactor 20 contains significant amounts of free NH3

and of ammonium carbamate to be decomposed by -

thermal -splitting into its single components, NH3 and

CO;, which can then by recycled to the synthesis reac-

tor 20. Conventionally this last is operated at high tem-

peratures, (for example, 160°-250° C.) at a pressure of,
for instance, 100-300 bars and with high NH3:CO; ra-
tios, for example, of from 2.5 to 10. The synthesis reac-
tion is outside the scope of this invention which is con-
cerned with the treatment of said urea melts UM. The
treatment is schematically shown in the flow-sheet of

FIG. 1 and consists in a thermal splitting carried out in

two steps under critical conditions whereby:

(a) in step I a significant substantial amount of NH3 is
distilled from the urea solution UM, while decompos-
ing only a small amount of carbamate. This step I is
indicated with the diagram block 24 to which UM is
fed from reactor 20 and from which the distilled
vapors 28 are recovered and recycled to the reactor
by conventional means. |

(b) the so-treated urea solution UM’ is passed through
line 25 to the second treatment step 11 shown as block
26, where the bulk of carbamate is now decomposed
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and the residual free NH3 is distilled preferably by
stripping UM’ in counter current with fresh CO;
introduced in 21'; from step II are recovered through
line 28" and recycled to the reactor by conventional
means the gases of the carbamate decomposition and
the residual distilled NH3, and through line 27 an urea
solution UM"’ having practically no free NH3 and no
carbamate is collected. The solution UM’ obtained
from the process of the invention requires generally
- no further important treatment for NH3 and CO;

recovery. | |
The advantageous features of the treatment accord-

ing to the invention will be better emphasized with the

aid of the examples reported herebelow. It is, however,
important to anticipate that in a particular application,
the treatment can be carried out in very simple, efficient
and cheap treating devices TD like the ones of FIGS. 2
and 3.

In the non-limiting embodiment of said figures, a
treating device TD is shown which consists of a central
body CC (generally cylindrical with main size axial)
included between a lower bottom piece F and an upper
head piece T. The lower bottom piece F includes a
hiquid collector RL (urea mielt free from carbamate and
excess NH3) and the let-down valve 5, while the upper
head piece T includes a vapor collector RG with vapor
let-down valve 4.

According to one embodiment of the invention, the
central body CC is divided in two main zones, I Z and
II Z (each zone being formed for example by a tube
bundle containing a high number of long thin tubes).
The central body CC, with the tube of Zones I Z and 11
Z, included within the side longitudinal walls P1 1 and
P1 2, is separated from the lower bottom p'iece F by
lower tube sheet Pi and from the upper head piece T by
upper tube sheet Ps.

As it can be seen from the schematic section (FIG.
2b) of the embodiment shown in FIG. 2, the zone I Z is
formed by an external tube bundle FTE of annular area
shape inside of which the second zone II Z is located
(internal tube bundle FTI). The tube bundle FTE of
main zone I Z and FTI of main zone II Z lies between
lower tube sheet Pi and upper tube sheet Ps. In the
upper head piece T the baffle ST (with or without slits)
located on the internal annular edge of tube sheet FTE,
forms‘a liquid distribution path for the urea melt coming
from the first zone I Z.

The urea melt UM coming from the urea reactor (not
shown in FIGS. 2 and 3) is fed through a urea feed

‘means shown as nozzles 3—3’ to the annular feed mani-

fold CO (corresponding to line 23 in FIG. 1) located in
the treating device bottom F and then flows upwards
through tubes TU 1 of the first zone I Z to the upper
head piece T where it is distributed by baffle ST into the
tubes TU 2 of second zone tubes bundle FT 1. The
decomposer central body CC of the treating device TD
1s-heated by first and second heat means (for example
with steam) and.in FIGS. 2 and 3,1 and 2 are the heat-
ing medium inlet and outlet.

In the apparatus shown in FIGS. 2 and 3 as preferred
embodiments of the invention, the treatment process
according to the invention operates as follows:

(A) The urea melt containing ammonium carbamate,
free ammonia, water, produced in the synthesis reac-
tor (advantageously in a high yield reactor) is fed
through nozzles 3——3' to the annular feed manifold
CO, located 1n the bottom F and connected with the
first zone tube sheet FTE.




S

(B) Characteristically said solution flows upwards in-

- side the tubes T'U 1 of the first zone sheet FTE, being
those tubes heated by steam introduced through con-
nection 1. According to-the main feature of the inven-
tion such heating and the flow speed (or residence
time) of the urea solution are critically selected so
that along tubes TU 1 only a small portion of carba-
mate 1S decomposed and an important portion of free
ammonia 1s distilled from the urea melt UM: conse-
quently said urea melt UM flows inside the tube TU
1 (up to the upper head piece T) concurrently with
the vapors coming substantially from the -NH; distil-
lation and from the decomposition of carbamate. At
this end, the temperature of tubes TU 1 is from 190°
to 220° ., the residence time of the urea solution UM
is below 50 seconds and preferably from 3 to 12 sec-
onds.

(C) In the upper head piece T at the first zone tubes TI
1 exit, separation takes place of vapors (NH3, COa,
H,0) produced from the treated urea melt UM’;
while said vapors are collected in the collector RG,
the urea melt UM’ builds up a level in the annular
zone between the external wall Pl 1—PI1 2 and inter-
nal baffle ST and when the melt level reaches the ST
upper edge 1t overflows into the central zone PC
feeding the internal tube bundle FT 1 of zone II Z.

(D) Characteristically the urea melt UM’ treated in I Z,
feeds the tubes TU 2 of the second distillation zone 11
Z. and, distributed as thin liquid-film inside such tubes
TU 2, flows from top (upper head piece T) to bottom
(lower bottom piece F) countercurrently with either
fresh gaseous CO; flow introduced from outside in F

through nozzles 6 (corresponding to line 21’ in FIG.

1) or with the vapors produced in this second zone 11
Z only in the absence of any other fresh stripping
agent. Because of the thin film distribution of the urea
melt UM’ inside tubes TU 2 and the second heat
means (steam introduced through 1), a good contact
between the urea melt UM’ and the countercurrently
‘moving fresh CO; flow of countercurreéntly moving
vapors in the absence of fresh CO; is ensured and
consequently a good stripping action takes place.
Because of the good contact the distillation of carba-
~mate and ammonia (stlll present in the urea melt UM’
after the treatment in the first zone 1 Z) is completed
in this.second zone II Z. |
According to a feature of the invention, the tempera-
ture of the second zone tubes is from 190° C. to 230° C.
while the residence time of UM’ there is from 10 to 20
seconds. |
(E). The urea melt, which is introduced in the treating
device TD through distributor CO of the bottom
piece F, and after the first treatment achieved by
“upward transport through tubes TU 1 of the first zone

I Z (concurrently with distilled vapors) and a second

-treatment achieved by downward transport through

tube TU 2 of the second zone I1 Z as thin film coun-
tercurrently with vapor phase, 1s collected in the-

lower collector RL as urea solution UM” of high
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and II Z are concentrical so the arrows f* indicating the

upwards flow of the urea melt in the first zone 1. Z are

located left and right of the arrow f’ indicating the
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FIGS. 3-3¢ and 36 show the decomposer treating .
device embodiment where the two-zones 1 Z and II Z
are not concentrical, but placed side-to-side, the first
zone I Z 1s a portion of the left half of the decomposer
body CC while the second zone II Z is all the residual
portion of the body CC. = *

For both the described embodiments we have now
purposely given a detailed constructive.description of
the treating device (decomposer) according to the in-
vention, 1n fact the decomposer main parts can be built
with conventional pieces (tube bundle tube sheet, feed
manifold, etc.) of the type largely used in reactors, strlp—
pers, decomposers and the alike, conventlonally used 1n
urea productlon and in chemical industries in general
The invention concerns therefore, besudes the treating
process, the new decomposer structure, which may
then be formed by the assembling of known pleces

'EXAMPLEI A

The decomposer or stripper used in the conventional
technology, according to the reference II, is fed with
the urea melt having the. follawmg averaged character-
istics.

Composition:

NH3 4533 kg.

CO» 29.33 kg.

Urea 60 kg. (1k mole)
H>0O 36 kg

Total 170.66 kg.

*operating conditions of the synthesis reactor: molar ratio of NH3/CO; = 2.8 urea
reactor yield 60%

According to the article by Kaasenbrood in Fertilizers
Society Proceeding No. 166, December 77 the decom-
poser according to reference 11 1s sized with the follow-.
ing criterion: Two tubes each K mole of treated urea are
used, each tube having an internal diameter Di=25 mm
and length L=6 m. It is important to mention that in-
order to improve the yield in the synthesis reactor that
produces the urea melt fed to the above-mentioned
stripper, the reactor should be operated with 4 molar
ratio NH3:CO; higher than 2.8 and equal, for example,
to 4. But in this case with NH3/CO3 ratio=4 the vapor
flow in the decomposer would have an increase and
require the use of tubes having a ‘diameter greater than
25 mm (approximately Di=30 mm) and a shorter
length, approximately L=4.3 m (to avoid flooding and
to reduce the total surface of the decomposer propor-
tionally to the increased yield 60/70). |
According to reference II for a 1000 MT/d (metrlc

Tons/Day) urea plant, that i1s 41,666 kg/h=694.4 K
moles/h urea, a decomposer with 694.4 X 2=1388 tubes
should be required with Di=25 mm (NH3/CO,=2.8)
or D1=30 mm (NH3/CO;=4). The decomposer weight
increase in this last case (Di=230 mm) would be 25 tons
(total estimated -weight 100 t), with equipment cost
increase of 25,000 kg x 7,500 11t/kg-- 187 5 million Llre
(ca. US $225,000). | | |

- EXAMPLE 1B
When the two step process accordmg to the present

Anvention 1s used, it is possible to operate with a decom-

poser of the type of FIGS. 2 or. 3 whereby the first
decomposition zone I Z is- fed with a urea melt showing |
the following characteristics:
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Composition
I Zone
NH; 63.13 kg.
CO, I18.85 kg.
Urea 60 kg. (1k mole)
H20 33.42 kg.

Total 17540 kg.

*Operating conditions of the synthesis reactor: molar ratio of NH3/CO; = 4
Urea reactor yield 70%

Pressure: 160 bar

Temperature; 190°

With a urea flow of 1000 kg. 1n each tube (having, for
example, a diameter Di=20 mm and a length LL=6 m)
the tube number (N'T) of the treating device decom-
poser TD first zone I Z for a 1000 MT/d plant (694.4

urea K moles/h) is

175.3 X 694.4

700 = 122 tubes.

NT =

The first zone I Z is heated with steam at a temperature
of 200° C. The urea solution UM residence time in this
I Z 1s of 3 seconds. The compositions CI of the urea
melt UM’ that, after the first zone treatment, enters ST
of the second zone II Z of the decomposer is:

NH;3 39 kg.
COy 15.5 kg.
Urea 60 kg. (1 k mole)
H»O 29.3  kg.
Total 143.8 kg.

Feeding into the treating device TD (decomposer) 22
kg. of fresh stripping CO; through nozzle 6 (about 4 k
mole CO; each k mole urea) upwards countercurrently
with the urea melt flowing downwards into the second
zone tubes (heated at 200° C.), a urea melt with the
following composition expressed in weight percent is
collected in the lower bottom piece and discharged
from nozzle 5:

NH3z=4 kg. (5 wt.%), CO»=1.6 kg. (2 wt.%),

urea==60 kg. (75 wt.%) H,O=14.4 kg. (18 wt.%).
The residence time of the melt in the second zone was
15 seconds.

In the decomposer upper head piece through nozzle 4
a vapor flow with the following composition is dis-
charged:

NH3=39.13 kg.; CO; 17.25+22 kg.; HO=19 kg.
With a design flow for the second zone of 100 kg.
each tube having inside diameter Di=20 mm and
length L.=6 m the number of tubes (N'T) is:

143.8 X 694.4
100

N == G99 tubes.

The total tubes number for first and second zone is
N'T+N"T1224999=1121.

The decomposer weight reduction with reference to
Example IA (1388 tubes Di=25 mm) is 27,000 kg. with
a saving of 27,000 kg. X 7500 lit/kg.=202.5 million lire
(about 243,000 US $). This saving is calculated without
taking into account the reactor yield difference (70% in
the example according to the invention and 60% ac-
cording to the conventional technology in Example
1A); 1if this improvement is alsc considered another
saving of 187.5 million lire should be added to the 202.5
million lire. The above-mentioned results are also true
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when no stripping agent is used (CO>=0). The urea
melt discharged from nozzle 5 will be in the absence of

fresh CQOa:
NH3=38 kg. (9.4 wt.%) CO;=2.6 kg. (3 wt.%); urea
60 kg. (70.1 wt.%) H30 15 kg. (17.5 wt.%).

EXAMPLES 2A and 2B

(2A) According to the [talian Pat. No. 770,241 (refer-
ence IV) the urea melt composition after the two stages

decomposer 1s:

NH 3 36.7 wt. %
CO; -
Urea 46
HO _17.3
Total 100 wt. %

(2B) According to the Auslegeschrift 1,468,628 (1)
the urea melt (UM’) composition issuing from the de-
COmMpOoSseEr 18:

MNH3 47.79 wt. %
COs 095 wt. %
Urea 39.41 wt. %
H,0 _11.85 wt. %
Total 100 wt. %
EXAMPLE 2C

With the use of the treatment process and of a decom-
poser according to the present invention (operating at
the reactor pressure of 160 bar and at 200° C. tempera-
ture: isobaric loop), the urea melt composition (ex-
pressed in wt.%) at the outlet of the decomposer second
zone (II Z heated at 200° C.) is: (a) using a CO; stripping
of 22 kg. (b) using no CO; stripping

(a) (b)

NH3 5 wt. % INH; 0.4 wt. %
CO» 2 wt. % CO» 3 wt. %
Urea 75 wt. % Urea 70.1 wt. %
H-,O 18 wt. % HHO 17.5 wt. %
Total 100 '

The residence time in the first and second zones were 11
seconds and 15 seconds, respectively.

By comparing the figures according to Example 2C
(use of the invention) with those of the comparison
Examples 2A and 2B (use of the conventional systems),
the advantages of the invention are clearly apparent and
consist substantially in that the expensive devices re-
quired, for example, in reference I downstream the
stripper to purify and recycle the high excess residual
ammonia in the urea melt are avoided.

The important advantages of the process and treating
device according to the present invention can be sum-
marized as follows:

(1) Because in the first process step in the relative
decomposer first zone 1 Z, the urea solution and the
distillaed gas are flowing upwards cocurrently, the first
step space or first zone can be designed (sized) in an
optimal manner even in the presence of heavy amounts
of gas developed in the solution distillation, particularly
when the urea solution UM comes from a synthesis
reactor containing a large excess of free NHj: accord-
ingly all problems of flooding are avoided. The first
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concurrent treatment step will not require external pas-
sivation air injection since the heating surface is passiv-
ated by the air already contained in the urea solution
coming from the reactor. If a countercurrent is used,as

in conventional processes the air would be “stripped

off’ before reaching the lower and hottest part of the
equipment.

(2) Sizing of the second step space, particularly of the
decomposer second zone (II Z) is no more critical, not

even when a stripping agent CO3 1s used countercur- 10

rently with the urea melt because a heavy amount of
vapors has been separated in the first zone (I Z). The
reduced second step surface will minimize the quantity
of passivating air required to prevent corrosion.

(3) First and second zone sizing can be optimized for
best process performances. |

(4) Urea melts containing high quantities of free am-
monia and coming from high yield reactors (high
NH3/CO> molar ratios) can be treated in the process,
respectively, in the decomposer according to the inven-
tion. In such cases, by operating the decomposer at
pressures which can be below those of the synthesis
reactors, the invention offers the ideal means for the
best treatment of the urea melts very rich in free ammo-
nia because its decomposer is just designed to eliminate
the maximum of NHj3 in its first step while the largest
quantity of carbamate is decomposed more easily only

in the second step.
(5) The final urea melts (UM’") which have under-

gone the treatment of the invention and come out from
the relative decomposers of FIGS. 2 and 3 show a very
low residual content of carbamate and free NH3
whereby they require no important further treatment
with consequent important savings in plant treatment
down-stream from the decomposer.

(6) Lower quantities of stripping agent (CO3) can be
used, compared with those necessary in the prior art.

(7) The two step treatment and the relative decom-
poser can be operated at reactor pressure.

With reference to the above items and in particular to
the advantages of item (4), the following considerations
are usefully added: it is not possible to use the carbamate
decomposer according to reference (II) of the prior art
for treating a urea melt having a high NH3 content, due
to the very high vapor (NH3) flow in the stripper oper-
ated with a countercurrent of stripping CO2 (plus NH;3
vapor, etc.) whereby a very large decomposer tube
cross section would be required and as a consequence a
very high equipment cost would be involved.

Furthermore, the high NH3 vapor content would
reduce the carbamate decomposition efficiency, the
NH3 excess having a diluting effect on the CO» content
of the vapor phase; in this case CO2 vapor concentration
should be maximum, CO; being the stripping agent.
According to reference II a low NH3/CQO; ratio must be
kept in the synthesis reactor with low urea yield (Max.
NH3/CO2=2.85 at 140 bar); to the contrary the process
and the decomposer according to the present invention
can be operated economically in combination with high
NH;3;/CO; ratio reactors and high urea yields are
achieved without problems in the carbamate decompo-
sition step.

We wish finally to point out that a technician skilled
in the art, starting from the available teaching in the
literature, (reference III and II) would have conceived
the two-step treatment so that the bulk of carbamate 1s
decomposed in step I, while step II is used only for the
distillation of residual ammonia and carbamate (the
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functions of the two steps are inverted in respect to the
present invention).
This solution would have been very impractical, re-

‘quiring two countercurrent steps in series (when operat-

ing a high pressure a high carbamate decomposition can
only - be achieved using the known countercurrent
“stripping technique”). A two-step countercurrent
treatment implies the use of costly falling film appara-
tus, and the first step treatment would present the flood-
ing problems described, especially when ammonia rich
urea solutions have to be treated. A high quantity of
passivating air would also be required with the disad-
vantages already described. If the bulk of carbamate is
decomposed in the first step the free ammonia still con-
tained in the second step feeding solution would react
with the COs stripping agent to form carbamate again.
This parasite reaction, that could be avoided by operat-
ing at high temperatures with corrosion danger, would
cause an increase in the stripping agent flow. Obviously
when the treatment of the invention is carried out at
pressures lower than the synthesis pressure, the first
step can be carried out without heat supply but only by
flashing separation.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows: ~

1. A decomposer for the treatment of a urea melt
from a synthesis reactor, said melt containing urea, free
ammonia, water, unreacted ammonium carbamate and
by products, said decomposer comprising:

a central body, -
an upper head piece secured to said central body,

a lower bottom piece secured to said central body,

urea melt feed means connected to said bottom piece,

a first tube bundle deposed within said central body
having two ends, one of said ends being connected
to said urea feed means, said first tube bundle being
oriented vertically and defining a first zone,

first heat means for heating said first zone,

a second tube bundle disposed within said central
body having two ends, one of which is operatively
associated with the other end of said first tube
bundle said second tube -bundle being oriented

vertically and defining a second zone,
second heat means for heating said second zone,

a collector in said lower bottom piece connected to
the other end of said second tube bundle, and

vapor collector means in said upper heat piece for
collecting vapor from said first and second zones
and for discharging the same; -

said first tube bundle and said first heat means being
sized so that a substantial amount of ammonia is
distilled and carbamate is partially decomposed;
said second tube bundle and second heat means
being sized so that the bulk of carbamate is decom-
posed and the residual ammonia 1s distilled;

whereby the urea melt enters and flows upwardly
through said first tube bundle concurrently with
the vapors produced in said first zone by said first
heat means and subsequently flows downwardly as
a thin liquid film through said second tube bundle
countercurrently with the vapors prcduced in said
second zone by said second heat means while said
vapors are collected in said upper head piece and
discharged and the thereby treated urea is col-
lected in said bottom piece.

2. The decomposer of claim 1 further comprising a

carbon dioxide feed means connected to said bottom
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piece for feeding carbon dioxide upwardly through said 2 or 3, where said first tube bundle is annular, external
second zone which is collected and discharged by said and concentrical with said second tube bundle.
vapor collector means. 5. The decomposer according to any one of claims 1,
3. The decomposer according to claim 1, where 2 or 3, where the first and second tube bundles are
steam is used to heat first and second heat means. 5 located side-by-side. *
4. The decomposer according to any one of claims 1, L S
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